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® Molecular sieve type gas separation systems. 

© The sieve beds (11, 12, 13) of a molecular sieve type gas . 
separation system (10) are cyclically subjected to a 
charge/adsorption on -stream phase followed by a purge// 
desorption regeneration phase and each bed is arranged to be 
open to ambient atmospheric pressure or a pressure related 
thereto during the regeneration phase. A fixed logic sequ- 
encer unit (35) provides two different overall cycle times and 
fixes the relative durations of each phase within the overall 
cycle times. A switching device (40), which preferably 
Includes a fluoric partial pressure sensor (Figure 2), responds 
to the pertaining concentration of a constituent gas In the 
product gas delivered by the system and switches between 
the two overall cycle times so as to maintain the concentration 
of the constituent gas In the product gas within predeter- 
mined limits. 
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Molecular Sieve Type Gas Separation Systems 



This Invention relates to gas separation systems 
utilising molecular sieves and is especially but not 
exclusively concerned with the employment of such 
systems in the aviation field for obtaining 

5 oxygen-enriched air as a breathable gas for aircrew, 

A common manner of operating a molecular Bieve type 
gas separation system employing one or more molecular 
sieve beds involves charging the or each bed with feed 
gas mixture - e.g. air - under pressure and continuing 

1Q the feed to the bed to maintain the charge pressure 
during delivery of the required product gas 
constituent(s) to use or storage. When the bed 
approaches saturation, the feed is discontinued and the 
bed vented to release the charge pressure, whereafter 

15 the bed is purged. The pressurising of the sieve bed 
promotes adsorption of the constituents to be retained 
by the bed, while the subsequent depressurising promotes 
desorption of the retained constituents to facilitate 
flushing of these from the bed. * -/ 

20 In aircraft applications it is normally required 

that the oxygen concentration (partial pressure) in the 
breathable gas supplied to aircrew shall be related to 
cabin altitude, i.e. to the .ambient pressure obtaining 
within their enclosure. 

25 Originally in proposed aircraft applications of 

molecular sieve type gas separation systems, such 
systems were treated as a source of substantially pure 
oxygen to be utilised in the manner traditional in 
~ nariTcrew breathable gas supply systems: that is~ to say, 

30 the substantially pure oxygen product gas delivered by 
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th 8 paration system is propos d to b dilut d with air 
to provid a breathable gas mixture of the required 
oxygen partial pressure, in a manner analogous to the 
utilisation of th oxygen obtained from sourc s such as 

5 high pressure storage bottles and liquid oxygen 
converters • 

The utilisation of a product gas that is 
substantially pure oxygen for producing oxygen-enriched 
air as breathable gas involves the use of appropriate 

10 mixing valves and related control devices to derive the 
desired breathable gas mixture. Such valves and control 
devices tend to be heavy and to be potentially 
unreliable through their inclusion of capsules and the 
like for sensing ambient pressure changes, 

15 It has been proposed, therefore, to operate such a 

sieve system to produce a breathable gas of the required 
oxygen partial pressure directly from the molecular 
sieve system rather than by downstream dilution. 
One embodiment of this concept disclosed in 

20 GB-A-2,029,257 (Linde) is a method of producing 

breathable gas having an oxygen concentration dependent 
on altitude, comprising obtaining the total volume of 
breathable gas required in normal continuous service 
solely by the controlled adsorptlve removal of nitrogen 

25 from compressed air by means of reversible adsorbers 
operated in a cycle comprising adsorption and reverse 
desorptlon phases. The adsorbers are so operated that, 
during each adsorption phase, a continuously Increasing 
proportion of nitrogen passes through. to the outlet end 

30 of the adsorber on-stream and the oxygen concentration 
of the breathable gas formed is adjusted within 
permissible range in accordance with the cabin pressure 
by controlling the amount of gas flowing through the 
adsorbers and/or the ratio of adsorption to desorptlon 

35 pressure. 

_j n another embodiment of this concept, disclosed in 

EP-A-0,0*»6,369 (Normalair-Oarrett), control means 
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responsive to the composition of the product breathable 
gas ar adapted to control regeneration of the adsorber 
beds to maintain delivery of a product gas having the 
desired oxygen partial pr ssure, The control means 

5 particularly controls vent valve means for control of 
the regeneration phase and may also utilise a 
microprocessor to provide a variety of other useful 
syBtem functions. 

The system disclosed in EP-A-0 ,046,369 was 

10 originally envisaged primarily for use on advanced high 
performance combat aircraft, possibly with development 
potential still to be realised, so that the scope 
accorded by microprocessor-based control was not out of 
place and, indeed lends itself to the introduction of 

15 more advanced life support systems* However, with the 
potential use of molecular sieve type gas separation 
systems in more cost-conscious aircraft such as 
trainers, attention has turned to the attraction of 
minimal ground servicing. 

20 A system meeting this requirement is disclosed in 

EP-A-0, 080, 300 (Normalair-Garrett) and has control means 
comprised by a fixed logic sequencer controlling the 
sequential operation of charge and vent valves for 
cyclically subjecting each sieve bed to a 

25 charge/adsorption on-stream phase followed by a 

purge/desorption regeneration phase. The control means 
provide that during the regeneration phase the gas 
pressure in a sieve bed at least substantially equals 
the ambient atmospheric pressure or a pressure related 

30 thereto and that for a predetermined range of ambient 
atmospheric pressure the overall cycle time and the 
relative durations of said phases are fixed at values 
such that the oxygen content of delivered product gas 
remains within physiologically acceptable limits for 

35 breathing. 

The cycle time can be modified at one or more 
predetermined altitude thresholds by pressure transducer 
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means, for exampl , altitud switch s, arranged to 
modify th output signal of the sequen er to reduce th 
cycle time In each as ending altitude band. Use of one 
altitude switch operating at 4,500 metres (15,000 feet) 

5 enables satisfactory concentrations of oxygen In the 
product gas to be obtained below this 4,500 metres 
(15,000 feet) threshold and also In a substantial range 
of altitude above this threshold by a single 
modification of the cycle time at this threshold, 
t 10 However, this arrangement results in over-high oxygen 

concentrations, at low demand flow rates, in an altitude 
band between 4,500 and 7,000 metres (15,000 to 23,000 
feet). Whilst this problem could be overcome by 
modifying the cycle time in additional steps at 

15 appropriate altitude thresholds, this would necessitate 
additional altitude switches which would complicate the 
control means and introduce extra weight and servicing 
requirements. For future advanced oxygen systems, a 
means of steadily Increasing oxygen concentration with 

20 increasing altitude is now considered desirable. 

The present invention aims to maintain simplicity 
of control while providing Improved performance such 
that the concentration of oxygen in the product gas can 
be held within the generally accepted tolerance band 

25 through an altitude range of, approximately, sea level 
to 9,000 metres (30,000 feet). 

According to the present invention a molecular 
sieve type gas separation system adapted to deliver 
enriched product gas to an outlet, the system comprising 

30 at least one sieve bed and control means for cyclically 
subjecting said bed to a charge/adsorption on-stream 
phase followed by a purge/desorption regeneration phase, 
said control means being arranged to provide that during 
said regeneration phase the gas pressure in said bed at 

3 5 .?-. eaBt substantially equals the ambient atmospheric 

pressure or a pressure related thereto and that for a 
predetermined range of ambient atmospheric pressure the 
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relative durations of the said phases ar fixed, is 
characterised by means responsive to the pertaining 
concentration of a desir d constituent in the product 
gas delivered to the outlet and arranged to adjust the 
overall cycle time in such manner that this said 
concentration is maintained within predetermined limits. 

In application of a system in accordance with the 
present invention to an aircraft for supplying 
oxygen-enriched air to aircrew, the outlet will 
generally deliver to one or more oronasal breathing 
masks fed by way of a demand flow regulator. 

In the regeneration phase it is preferable for 
obtaining best efficiency that the bed be opened to the 
lowest available pressure, which in the aircraft 
application will be ambient atmospheric pressure; 
however the bed may be opened to cabin pressure which is 
directly related to ambient atmospheric pressure. 

The control means may comprise a fixed logic 
sequencer controlling the sequential operation of charge 
and vent valves associated with each bed, and may 
further include a partial pressure transducer means 
responsive to the concentration of the enriching 
constituent in the delivered gas and arranged for 
variably associating the fixed logic elements with said 
charge and vent valves in accordance with the desired 
concentration of the enriching constituent. 

The control means may provide phase relative 
durations in the ratio of 2:1 in favour of the 
charge/adsorption phase or some other ratio such as 1:1 
which gives equal periods for the charge and the 
adsorption phase. The control means may switch the 
cycle time between a mean, a shorter and a longer time, 
or it may switch the cycle time between two different 
times only. Alternatively the control means may be 
arranged to vary the overall cycle time between a 
^shorter and a longer time in direct proportion to change 
in level of concentration. The cycle times are 
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pred termined as appropriate to the size of the beds, 
such that th sh rter time provides for maximum 
performance and the long r time provides for derated 
performance of the beds. 

5 The partial pressure transducer means may include a 

galvanic type gas sensor or, preferably for quicker 
response, may use a fluerlc partial pressure sensor. In 
systems in which the control means utilises a switching 
operation the sensor is arranged so as to operate switch 

10 means for activating a sequencer unit to operate at 

different fixed time cycles, whereas in systems in which 
the control means utilises a direct proportioning 
operation the sensor is arranged to vary the cycle time 
between predetermined maximum and minimum times. 

15 One embodiment of the invention will be described 

by way of example with reference to the accompanying 
drawings in which, 

Figure 1 is a schematic representation of a 
molecular sieve gas separation system, according to the 

20 invention, that is suitable for aircraft applications; 
Figure 2 is a diagrammatic illustration of a 
switching device including a f lueric partial pressure of 
oxygen sensor device suitable for use in the system 
shown in Figure 1; 

25 Figure 3 is a diagram showing the operating 

sequence of the principal valves of the system shown in 
Figure 1; 

Figure M Illustrates graphically the range of the 
level of concentration of. oxygen values which switch the 
30 switching device of Figure 2 from sea level to 7,600 
metres; 

Figure 5 illustrates graphically the level of 
concentration of oxygen in the product gas of the system 
represented in Figure 1 at three different flow rates 
35 Jromjsea leve l. to 9,000 metres when the system is 
operated with the switching device of Figure 2 and; 

Figure 6 illustrates graphically the level of 
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concentration of oxygen in the product gas when the 
system of Figure 1 is operated at two different cycle 
times for tw different flow rates from sea level to 
9,000 metres. 

5 Referring now to Figure 1, a molecular sieve type 

gas separation system for supplying oxygen-enriched air 
to the aircrew of an aircraft includes, in accordance 
with one embodiment of the invention, a set 10 of three 
molecular sieve beds 11, 12, 13 suitably contained and 
10 arranged to receive atmospheric air from a source 14, 

such as a compressor stage of an engine of the aircraft, 
so as to deliver product gaB in the form of air that is 
increasingly enriched with oxygen as the operating 
altitude increases. The bed set 10 is coupled to the 
15 supply source 14 through a filter 15 by way of a supply 
line 16 which Includes a pressure regulating valve 17. 
The product outlets of the three bedB 11, 12, 13 are 
conjoined to a single delivery line 18 for delivery of 
product gas to suitable demand flow regulator means (not 
20 shown and forming no part of this invention) . 

The sieve beds 11, 12, 13 are arranged for 
receiving compressed air from the supply line 16 under 
the control of three similar valve arrangements 20 and 
in this embodiment are suited to the adsorption of 
25 nitrogen by use of a suitable molecular sieve material, 
such as Type 5A, as available, for example, from Bayer 
AG or Union Carbide Corporation, while passing oxygen so 
that the product gas delivered to the delivery line 18 
is oxygen-enriched air having an oxygen concentration, 
30 or partial pressure, determined by the operation of the 
system as explained hereinafter. 

The sieve beds 11, 12, 13 are connected to the 
delivery line 18 by way of non-return valves 21, 22, 23 t 
respectively, and are also conneoted in series, one to 
35 another, by a purge loop 2M which includes three flow 
regulating orifices 25a, 25b, 25£ disposed one in each 
section of the loop between the individual beds. 
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Each valve arrangement 20 controls a charge inlet 
port and a vent port of a single slev bed and omprlses 
a charge valve and a v nt valve of similar constru tion 
controlled by a s rvo valve. Thue the siev b ds 11, 

5 12, 13 are connected to the supply line 16 via charge 
valves 26, 27, 28, respectively, and to ambient 
atmospheric pressure or to a pressure directly related 
thereto via vent valves 29, 30, 31, respectively. 

The servo chambers of the valves constituting each 

10 pair of charge and vent valves 26/29, 27/30, 28/31 are 
connected to the supply line 16 and also to an 
individual servo valve associated with each respective 
pair of charge and vent valves; that is, solenoid 
operated bleed switching valves 32, 33, 34 are 

15 respectively connected to the servo chambers of the 

valves of the valve pairs 26/29, 27/30 and 28/31. The 
switching valves 32, 33, 34 are actuated by a fixed 
logic sequencer unit .35 having a predetermined fixed 
operating ratio of, in this embodiment, 2:1. The 

20 switching valves, 32, 33, 3*, serve the pairs of charge 
and vent valves 26/29, 27/30 and 28/31, respectively, in 
such manner that while a charge valve is open its 
companion vent valve is closed and vice versa, and the 
sequencer is so connected as to cause the open period of 

25 the charge valves to be twice that of the vent valves 
or, in another embodiment wherein a ratio of 1:1 is 
used, to be equal to that of the vent valves. The 
cross-sectional area of the vent flow paths from the 
sieve beds to ambient is greater than the corresponding 

30 area of the supply air flow path into the beds. 

In this embodiment it is preferred that all the 
non-return valves 21, 22, 23; the charge valves 26, 27, 
28; and the vent valves 29, 30, 31; are of the resilient 
diaphragm type (not illustrated structurally). 

^5 The charge valves and the vent valves are arranged 

for their diaphragms to be pressure closed upon their 
valve seats by supply pressure fed to their servo 
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chambers via restricted ducts 36, 37, respectively, and 
for r lief of these chambers via unrestricted ducts 38, 
39, respectively. 

The siev beds 11, 12, 13, may be of any profil 

5 and form suitable to the system and available space 

envelope. However, in this embodiment the base plate of 
each bed is provided with a charge port and a vent port 
positioned to one side of an internal bed-divider wall, 
and a purge loop connection and a delivery line 
t 10 connection positioned at the other side of the wall. 

The sequencer unit 35 in thiB embodiment comprises 
a relay and a solid state timer element having timing 
modes providing two different overall cycle times, of, 
in this embodiment, nine seconds and thirty seconds* 

15 A switching device 40 is connected to the sequencer 

unit for switching the timer element from one cycle time 
mode to the other in response to increase or decrease in 
the concentration of. oxygen in the product gas in 
relation to a desired value, 

20 In this embodiment of the invention the switching 

device 40 includes a flueric gas concentration, i.e. 
partial pressure of oxygen, sensor 43 which is arranged 
to draw reference gas from the supply line 16 and sample 
gas from the delivery line 18 by way of lines 41 and 42, 

25 respectively. Referring to Figure 2, the sensor 43, the 
construction and operation of which is described in 
detail in EP-A-0,036,285 (Normalair-Garrett) , 
incorporates a flueric laminar flow proportional 
amplifier 44 having an output bias towards one outlet 

30 port. A^ pneumatically operated electrical switch means 
45 is connected to the output portB of the amplifier 44 
by output lines 46, 47. The complementary part of the 
sensor 43 comprises, generally, a flueric bridge network 
having two bridge legs 48, 49, connected to the 

35 reference and sample gas lines 41, 42, respectively. 
The legs 48, 49 respectively include a linear resistor 
50, 52 and an orifice resistor 51, 53* The resistors in 
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the resp ctive legs are arranged in series and so as to 
provide an asymm trie balance of the flow rates through 
the bridge legs. The asymmetric balanc is so selected 
that in operation a constant pressure output signal is 

5 generated for a chosen partial pressure of oxygen in the 
sampled product gas in varying altitude conditions. For 
this exemplary embodiment the relationship of the chosen 
partial pressure of oxygen, expressed as a percentage of 
oxygen, to altitude is shown in Figure 4. 
t 10 Preferably a small flueric aspirator 5* is included 

for drawing the gases through the bridge legs 48, 49, 
and is connected to the reference gas line 41 for 
obtaining its operating power. The line 41 is also 
arranged to supply the two power- jet lines 55, 56 of the 

15 amplifier 44, whilst the output lines 46, 47 of the 

amplifier connect to respective chambers 57, 58 of the 
switch means 45 on the two sides of a dividing flexible 
diaphragm 59. The diaphragm is held in a null position 
by two opposing light springs 60 so as to barely contact 

20 a micro-switch 61 mounted in the chamber 57. Two 
electrical connections 62, 63 of the micro-switch 
connect an appropriate electric power source (not shown) 
with the sequencer unit 35. 

in this aircraft application, the system delivers 

25 oxygen-enriched air as breathable gas to aircrew usually 
by way of demand flow regulators and oronasal breathing 
masks. Referring to Figure 1, supply air is obtained 
from the engine source 14 of the aircraft and fed into 
the supply line 16 to the sieve beds by way of filter 15 

30 disposed upstream of a suitable pressure regulating 
valve 17 which, for example, may be set to open to a 
source pressure of 276 kPa (40 psi) and control at 310 
kPa (45 psig). The delivery line 18 feeds to an 
oronasal breathing mask (not shown) by way of a demand 

35 ^ pe _?reathable 6*s regulator of suitable form (not 
shown), upstream of which is a standby pressurised 
breathable gas source (not shown), such as an oxygen 
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cylinder for providing 100% oxygen deliverable to the 
regulator in conditi ns of low supply-air pressure, law 
cabin pressure or low concentration (partial pressure) 
of oxygen in the product gas delivered from the 
molecular sieve beds. The standby gas source may be 
activated by any suitable monitor/activator system. 

In operation, a desired concentration (partial 
pressure) of oxygen in the delivered product gas is 
maintained, which is preferably predetermined to be 
10 equal to or greater than the partial pressure of oxygen 
obtaining at sea level. In this connection it should be 
noted that in operation of a sieve bed, such as one of 
the beds 11, 12, 13, optimum gas separation efficiency 
is obtained when the bed is in a fully purged 
15 nitrogen-free condition. As the bed becomes 

progressively saturated with retained nitrogen, its 
separating efficiency declines. 

In the present Invention, we operate each bed 
continually in or into a partially saturated condition 
20 so as to obtain during the course of a charge/adsorption 
phase a required volume of product gas in the form of 
air enriched with oxygen to a desired partial pressure. 
We may fully cleanse each bed during regeneration and 
then run it, during charge/adsorption, beyond saturation 
25 for sufficient time to obtain overall a required volume 
of product gas containing oxygen in an amount 
corresponding to a desired partial pressure, or we may 
only partly cleanse each bed during regeneration so that 
during charge/adsorption j^t delivers a volume of product 
30 gas having, overall, the desired oxygen partial 
pressure. 

It should be noted that with three beds operated in 
overlapping sequence as described below, product gas 
over-rich in oxygen delivered at the commencement of a 
35 bed on-stream phase is partly used for purging an 

"adjacent bed and partly mixed with under-rich product 
then being delivered at that time by the remaining bed. 
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The product gas delivered by the syst m is thus f 
sensibly constant c mposition. 

To obtain most fficlent working of the beds their 
pressure should b reduced during th regeneration phase 

5 to the lowest available pressure. Thus it will be 
preferable to vent the beds overboard to the ambient 
atmosphere external of the aircraft. However, they may 
be vented to the aircraft cabin, the cabin pressure 
being directly related to ambient atmospheric pressure. 

10 In the illustrated embodiment, the beds 11, 12, 13 

are placed on- stream and regenerated in alternating and 
overlapping sequence by operation of the valve 
arrangements 20 in which the solenoid operated switching 
valves 32, 33, 3 1 * are controlled by the sequencer unit 

15 35 alternately to open and close the charge and vent 
ports of their respective beds by alternate connection 
of the servo chambers of the charge valves 26, 27, 28, 
and of the vent valves 29, 30, 31, to ambient. 

The time of opening of all the valves and the 

20 overlapping relationship of the cycles of the three beds 
is best understood with reference to Figure 3* With the 
opening of the charge valve 26 of, nominally, the first 
bed 11 in sequence, when the switching valve 32 is 
holding servo pressure in the vent valve 29 and 

25 releasing it from the charge valve 26, supply air is fed 
into the bed wherein nitrogen is adsorbed by the 
molecular sieve material and oxygen-enriched air is 
passed into the delivery line 18 on opening of the 
non-return valve 21. At the end of the period of 

30 charging and delivering product gas the switching valve 
32 is reversed to close the charge valve 26 and open the 
vent valve 29, whereupon the bed 11 becomes open to 
ambient and discharges thereinto so commencing 
desorption of nitrogen from the sieve material while 

35 reducing the pressure in the bed 11 and in that section 
of the purge loop 24 which is downstream of the orifice 
25a in the part of loop 21 between the beds 11 and 12, 
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whereupon initial stage product gas from the 
overlapping, sequentially second, bed 12 flows into bed 
11 to purge it clean* 

Thus compressed supply air is admitted cyclically 
to the beds 11, 12, 13 by way of the respective 
sequencer controlled valve arrangements 20 and when a 
bed is on-streara, oxygen-enriched air flows from the bed 
into the delivery line, but shortly after switching of 
the charge and vent valves to opposite mode the bed is 
purged by new product gas from one of the other beds 
coming on-stream. Thus product gas from bed 11 purges 
bed 13, product gas from bed 12 purges bed 11 and 
product gas from bed 13 purges bed 12* Evenness of flow 
is not lost during the withdrawal of some product gas 
from one bed for the purpose of purging another bed 
because the third bed in the bed set still continues to 
deliver product gas during this period. 

Variation in the average partial pressure of oxygen 
in the oxygen-enriched air produced by a bed during a 
charge/adsorption phase occurs with change in pressure 
of the ambient condition to which the bed is vented so 
that during the preceding regeneration phase, the 
concentration of oxygen increases with (although not as 
fast 8Lb) reducing ambient pressure owing to the rate of 
desorption of nitrogen from the sieve material 
increasing. However, further control to maintain the 
oxygen concentration closer to the mean desired 
throughout the cabin altitude range is accomplished by 
control of the sequencer unit 35 by the switching device 
40. This device draws reference gas from the system 
air-supply line 16 into its bridge leg 48 and sample gas 
from the product gas delivery line 18 into its bridge 
leg 49 and while the oxygen concentration in the sample 
gas is below the desired partial pressure of oxygen 
value for which the bridge network of the f lueric sensor 
"43" is* preset the bias of the amplifier 44 directs the 
output signal therefrom via duct 46 so as to deflect the 
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diaphragm 59 of th switch means to th right (in Figure 
2), th reby to set th timer of the sequ ncer unit to 
op rate in the m de giving the nine 8 conds cycle time. 
On th th r hand, when the sample gas oxygen partial 

5 . pressure is above the preset value the output signal is 
oppositely directed via duct 47 and the diaphragm 59 
moves to depress the micro-switch 61, which sets the 
timer of the sequencer unit to operate in the mode 
giving a cycle time of thirty seconds. Thus by 

10 switching the cycle time from one value to the other 
alternately according to pertaining sample gas oxygen 
partial pressure relative to the preset required partial 
pressure, the concentration of oxygen in the product gas 
is readily maintained within the generally accepted 

15 tolerance band through the normally required altitude 
range. 

This is seen by reference to Figures 5 and 6 which 
are graphs showing the results of tests carried out in 
our laboratories. 

20 Olius, Figure 5 shows the oxygen concentrations 

measured in oxygen-enriched product gas at altitudes up 
to 9,000 metres (30,000 feet) with a 210 kPa (30 psig) 
pressure air-supply to the system and at product gas 
demand flows of 10, 50 and 100 litres/minute ambient, 

25 with the switching device 40 connected to the sequencer 
unit 35. 

Figure 6, on the other hand, shows the oxygen 
concentration in oxygen-enriched product gas at 
altitudes up to 9,000 metres (30,000 feet) with a 210 

30 kPa (30 psig) pressure air-supply to the system and at 
product gas demand flows of 10 and 100 litres/minute 
ambient, for constant cycle times of nine seconds and 
thirty seconds, i.e. with the switching device 
disconnected from the sequencer unit. 

35 It will be seen that the variations in oxygen 

"concentration over this wide range of product gas demand 
flows is small in Figure 5 as compared with Figure 6. 
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Whilst th foregoing description of the test 
results obtain d with this mbodiment relate to a system 
using a fixed logic sequencer unit operating to provide 
a 2:1 duration ratio in favour of the opening of the 
charge valves relative to the vent valves of each bed, 
it is found that use of a sequencer unit capable of 
operating to provide a 1:1 duration ratio will 
marginally improve the oxygen concentration in the 
product gas at high altitudes and reduce the difference 
in the oxygen concentration of the product gas a.t high 
and low demand flows, respectively, at low altitudes. 
Further it may be found beneficial to use overall cycle 
times of other than the exemplary thirty seconds and 
nine seconds used In the tests of this embodiment. 

Another embodiment of the invention, is not 
separately illustrated but corresponds to that 
illustrated in Figures 1 and 2 with substitution of the 
switch means 45 thereof by a variable resistor means 
which is adapted to be operated pneumatically by the 
flueric amplifier 44. The varying voltage output from 
such resistor means is fed to a suitably responsive 
timer element of the sequencer unit 35 to vary the cycle 
time steplessly or in a number of steps between 
predetermined minimum and maximum cycle times, in a 
manner appropriate to retaining the desired partial 
pressure of oxygen in the product gas by producing a 
cycle time adjustment that takes account of the 
magnitude of sample gas oxygen partial pressure 
departure from the required value. 

In a further non-illustrated embodiment, the 
switching device 40 of the system of Figures 1 and 2, 
which Includes the flueric sensor 43 and the switch 
means 45, is substituted by a galvanic oxygen partial 
pressure sensor, the output of which is fed directly to 
the sequencer unit 35 to vary the cycle time between 
predetermined "minimum and maximum cycle times. 
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CLAIMS 



1. A mol cular sieve type gas separation system 

5 adapted to deliver enriched product gas to an outlet, 
the system comprising at least one sieve bed (11, 12, 
13) and control means (35) for cyclically subjecting 
said bed to a charge/adsorption on-stream phase followed 
by a purge/desorption regeneration phase, said control 

10 means being arranged to provide that during said 

regeneration phase the gas pressure in said bed at least 
substantially equals the ambient atmospheric pressure or 
a pressure related thereto and that for a predetermined 
range of ambient atmospheric pressure the relative 

15 durations of the said phases are fixed, characterised by 
means (40) responsive to the pertaining concentration of 
a desired constituent in the product gas delivered to 
the outlet and arranged to adjust the overall cycle time 
in such manner that this said concentration is 

20 maintained within predetermined limits. 

2. A molecular sieve type gas separation system as 
claimed in Claim 1, characterised in that said control 
means comprises a fixed logic sequencer (35) for 

25 controlling sequential operation of charge valves (26, 
27, 28) and vent valves (29, 30, 3D associated with 
each bed (11, 12, 13). 

3. A molecular sieve type gas separation system as 
30 claimed in Claim 1 or Claim 2, characterised in that 

said means responsive to the pertaining concentration of 
the said constituent comprises a flueric partial 
pressure sensor (43). 

35 4, A molecular sieve type gas separation system as 
claimed in any preceding claim, characterised in that 
said control means provide, at least within one said 
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predetermined range of outlet ambi nt pressure, phase 
relatlv durations In a ratio of 1:1. 

5. An on-board oxyg n generating system for an 
aircraft, comprising a molecular sieve type gas 
separation system arranged to deliver oxygen-enriched 
air to an outlet by adsorbing nitrogen from air fed to 
the system, the system including at least two sieve beds 
(11/12/13) and control means (35) for cyclically 
subjecting each said sieve bed to a charge/adsorption 
on-stream phase followed by a purge/de sorption 
regeneration phase and so that during its regeneration 
phase each bed Is opened to ambient atmospheric pressure 
or a pressure related thereto, characterised in that for 
a predetermined range of ambient atmospheric pressure 
the control means provide two different selectable 
overall cycle times with the relative durations of the 
phases being fixed, and by flueric partial pressure 
sensor means (43) responsive to the pertaining 
concentration of oxygen in the oxygen-enriched air 
delivered to the outlet and adapted to switch the 
control means between the two cycle times so as to 
maintain the oxygen concentration within predetermined 
limitB. 
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Fig.1. 
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• — 10 litres/minute ambient. 
— — 50Utres/ minute ambient. 
lOOUtres/minute ambient. 
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ALTITUDE (X10 3 m). 
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